10. Reyes-Prieto, A., Yoon, H.S., Moustafa, A., Yang, E.C., Andersen, R.A., Boo, S.M., Nakayama, T., Ishida, K., and Bhattacharya, D. A new study indicates that, in humans, eye movements play an important role in self-motion perception, in particular in integrating information from the visual and vestibular systems and detecting possible conflicts between them.
Imagine being on a high-speed rollercoaster ride at your favorite amusement park. You are about to engage in a rapidly changing sequence of high-speed ups and downs with curves veering to the left and right. To enhance the thrill, you and your ride partner remove your hands from the guardrail and lift them into the sky. The variegated scenes of the amusement park pass by quickly as you sense your body being propelled through space. You feel the wind pressing against your face and you hear the screams of excitement coming from the passengers in the seats behind you. You inadvertently fixate the back of the person's head seated in front of you to steady your gaze. What you are experiencing is the neural processes underlying the multisensory integration of self-motion perception. Your brain integrates such rapidly changing inputs from the visual, vestibular, auditory and tactile senses to yield a more-or-less coherent percept of your body's trajectory in space. Conflict between these sensory cues of self motion can lead to dizziness, vertigo and/or motion sickness.
As they report in this issue of Current Biology, Garzorz and MacNeilage [1] have a used a virtual-reality simulator to explore the ability of healthy volunteers to discriminate the relative velocity of visual (randomly moving threedimensional red spheres on a dark background) and vestibular (left/right full-body yaw rotations) motion cues while participants were seated on a stationary or moving platform. Brief movements of the motion platform (four angular degrees with raised-cosine velocity profile for 0.8 seconds with maximum velocity of 10 degrees per second) were accompanied by threedimensional visual displays of random dots moving leftwards or rightwards with a matched or slightly discrepant velocity to that of the platform. Participants performed a forced-choice discrimination task, in which they decided on each trial whether the speed of the visual random dots was slower or faster than that of body rotation induced by the motion platform.
Maximum-likelihood predictions of visual-vestibular integration were based on the variances of the sensory matches derived from single cue conditions (visual or vestibular) with the variances estimated by the sum of visual and vestibular cues. Conflict detection, on the other hand, was based on comparison of signal distributions for visual and vestibular motion cues. Volunteers either fixated a head-fixed or a scene-fixed target, thereby suppressing eye movements or allowing the participant to track a target that was stationary relative to the visual scene, respectively. Performance in conditions utilizing a sequential presentation of visual random dots and platform rotations was compared to that found for a simultaneous presentation of simulated (visual) and real (vestibular) platform rotations. The resulting discrimination thresholds (just noticeable differences) exceeded the predicted values in almost all conditions and in almost all participants (see Figures 2  and 3 in [1] ).
Discrimination thresholds were higher (conflict detection was worse) for the head-fixed fixation condition compared to the scene-fixed condition for both sequential and simultaneous conditions. Garzorz and MacNeilage [1] interpret their results as evidence for the idea that, when our gaze is directed to a stationary target in natural scenes during self motion, our brains extract the information needed to detect potential sensory conflict between visual (moving objects) and vestibular (self motion) cues. Minimizing eye movements by directing gaze to a head-fixed target reduces our ability to detect discrepancies between visual and vestibular cues, thereby reducing multisensory conflict detectability while facilitating cue integration.
The findings of Garzorz and MacNeilage [1] are highly interesting as they point to differences in head-fixed versus scene-fixed gaze stabilization in the comparison of visual and vestibular inputs during self-motion. In the head-fixed gaze condition, retinal image motion is maximized, whereas in the scene-fixed gaze condition retinal image motion is minimized. As we know from Cullen [2] and others [3] , the vestibular nuclei provide signals to stabilize gaze (the vestibular-ocular reflex) in order to support postural and balance motor reflexes and to inform the cortex about motion in space (self motion). By comparing these signals to those derived from the visual and oculomotor systems, the brain can test hypotheses about the location and/or motion of stationary or moving objects with respect to self while the observer is in motion.
Multisensory neurons in dorsal stream areas of macaque visual cortex exhibit stimulus preferences for the motion directions of visual optic flow stimuli while the monkey is moved through space on a motion platform [4] . Such neurons might assist us to evaluate whether the visual and vestibular cues signaling self motion are congruent or incongruent with each other. The trade-off between multisensory integration of congruent visual and vestibular self-motion cues and the detection of multisensory conflict appears to be modulated by our gaze behavior [5] . The neural correlates of visual-vestibular self-motion perception in humans have been recently explored using brain imaging techniques [6, 7] . Recent findings from my own group [8] suggest that visual attention to moving objects inhibits neural activity in human vestibular cortex, pointing to reciprocal inhibitory interactions between the visual and vestibular senses in self-motion perception [9] . Comparisons between the underlying brain structures in the monkey and human brain reveal a close homology among these species [10] . Taken together, these studies point to a complex interplay between sensory (visual, vestibular) and motor (head and eye movements, gaze stabilization) processes underlying self-motion perception.
Going back to our example of the rollercoaster ride, directing your gaze to the person seated in front of you might be a good strategy to reduce your sensation of potential visual-vestibular conflict during a high-speed amusement-park ride. As sensory conflict can lead to postural instability, imbalance and vertigo via dynamic patterns of brain activity [11] , minimizing eye movements by directing gaze to a head-fixed target might be an optimal way to avoid motion sickness.
